Enzyme polymorphism and genetic relationship among 99 Serratia marcescens isolates obtained from clinical and environniental sources were determined by analysis of electromorphs in nine enzyme loci encoded by chromosomal genes. Seven of the loci were polymorphic, and 33 distinctive electrophoretic types (ETs) representing multilocus genotypes were identified. Cluster analysis, based on the proportion of mismatches between multilocus genotypes, revealed two clearly differentiated groups of ETs in S. marcescens. One was represented exclusively by isolates with nonchromogenic biotypes recovered almost entirely (97.3%) from clinical samples. The other group comprised all isolates characterized by the production of prodigiosin or by belonging to a chromogenic biotype. Absolute correlation was found between the ability to produce prodigiosin and the absence of plasmids. In contrast, 24% of the nonchromogeniic isolates contained plasmids. Results obtained by analysis of multilocus genotypes were related to those obtained by biotyping and plasmid fingerprintiiig. However, more groups could be distinguished by analysis of ETs than by biotyping. Plasmid fingerprinting was a limited typing system because many isolates lacked plasmids. Although the results of this study did not permit a definitive correlation between ETs and pathogenicity of the isolates, more detailed studies of these groups will help to understand the different clinical significances of the nonchromogenic and chromogenic isolates of S. marcescens.
Serratia inarcescens is a gram-negative bacillus characterized by the ability to produce a nondiffusible red pigment, prodigiosin (40, 44) . Interest in S. inarcescens has grown in the last 20 years because of its increasing importance as an opportunistic pathogen (12, 29, 41) . However, among the different biotypes of S. marcescens, only the nonchromogenic biotypes are a real threat in hospitals (14) . Chromogenic biotypes (mostly recovered from natural environments: water, soil, plants, or insects) are rarely responsible for an outbreak unless the patients are grossly contaminated by means of nonsterile injection products or aerosols (14) . Although previous studies have indicated the different clinical significance of the nonchromogenic and chromogenic isolates (8, 10, 13) , basic questions concerning the biology of this clinically important group of bacteria remain unanswered (44) . Virtually nothing is known of the nature and extent of genetic variation and structure in natural populations of S. marcescens, even though it has been demonstrated recently that knowledge of the genetic structure of natural bacterial populations is required for identifying virulence determinants and understanding pathogenic processes (17, 25) .
Multilocus enzyme electrophoresis, which has long been a standard method in eucaryotic population genetics (2, 20, 23, 35) , has been used recently in the study of genetic diversity and structure in natural populations of a variety of bacterial species (1, 5, 6, 9, 27, 30) . With this technique, genetically controlled variants of enzymes (electromorphs or alloenzymes) are detected by shifts in electrophoretic mobility as a consequence of one or more amino acid substitutions and the resultant change in net electrostatic charge. The alloent Present address: Department of Microbiology, Uniformed Services University of the Health Sciences, Bethesda, MD 20814-4799. zymes are identified by comparing the relative mobilities of the enzyme variants on the gel after histochemical staining with specific substrates. Isolates are characterized by the combination of electromorphs for the enzymes tested. Studies using multilocus enzyme electrophoresis have established basic population genetic frameworks for the analysis of variation in serotypes and other phenotypic characters and have provided extensive data for systematics, as well as useful marker systems for epidemiology (for a review, see reference 31) . Alloenzyme studies of S. inarcescens isolates have suggested the existence of diversity in some enzymes (10, 11, 15) . However, the results obtained in these previous studies do not allow a definitive assessment of the genetic diversity in this species.
The purpose of this study was to examine the genetic structure of natural populations in a group of S. inarcescens isolates obtained from different geographical sources and to determine the genetic relationship between nonchromogenic and chromogenic isolates to clarify the different clinical significance of these two groups of organisms. A preliminary report has been presented (10) . Table 1 .
MATERIALS AND METHODS
Biotyping and prodigiosin production in S. marcescens. The biotype of S. marcescens isolates was tested by the methods described by Grimont and Grimont (14) . Carbon source utilization tests were done on M70 medium (39) . Seven carbon sources were tested: m-erythritol, trigonelline, 4-hydroxybenzoate, 3-hydroxybenzoate, benzoate, DL-carnitine, and lactose. The final concentration of the carbon source was 0.1% (wt/vol), except for carbohydrates, which were added at a final concentration of 0.2% (wt/vol). Plates of M70 medium without carbon sources served as negative controls. Tetrathionate reduction was tested in liquid medium by the method of Le Minor et al. (19) .
The capacity to produce prodigiosin was determined on peptone-glycerol agar at 30°C. This medium enhances the production of pigment (43) . Ail isolates that produced completely red colonies of different intensities or red colonies with white areas were considered to produce prodigiosin.
Plasmid fingerprinting. Screening for plasmids was performed by a modification of the method described by Birnboim and Doly (4 (24) . Therefore, genetic diversity in a locus will be inversely proportional to the frequency of the alleles. Genetic diversity will be greater when the number of alleles increases and the different alleles are homogeneously distributed among the organisms of the population, i.e., when the frequency of each allele tends to the mean allelic frequency in the locus tested (see Table 3 ). Mean genetic diversity (h) was calculated as the arithmetic average of h values for all loci.
Clustering of ETs was performed from a matrix of coefficients of genetic distances by the unweighted pair-group method by using the average algorithm (36) . Genetic N-Si
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a For further information, see (0.51). From these, CAT-1, CAT-2, and CAT-3 were detected in the S. marcescens isolates. The other two, CAT-4 and CAT-5, were found to be specific to S. rubidaea. The S. proteamaculans isolates showed the electromorph (iii) ME. No ME activity was detectable in S. marcescens HCP-A4899 or in three S. rubidaea isolates, N-7a, N-7c, and N-7d. Six electromorphs characterized by a single-band pattern were detected in the remaining isolates: ME-1 (0.46), ME-2 (0.48), ME-3 (0.49), ME-4 (0.50), ME-5 (0.55), and ME-6 (0.56).
(iv) 6PGD. Each isolate was characterized by a singleband pattern of 6PGD activity. Even though some isolates showed two or more bands of 6PGD activity, the secondary bands were not considered in the analysis of the isolates. Four different electromorphs were noted: 6PGD-1 (0.35), 6PGD-2 (0.39), 6PGD-3 (0.41), and 6PGD-4 (0.44). All S. marcescens isolates showed the electromorph 6PGD-2, except MN-055, HCP-R1, HCP-476, HCP-926, and HCP-A824, which showed the electromorph 6PGD-1. The S. rubidaea isolates showed the electromorph 6PGD-4. The electro- (v) G6PD. Two different electrophoretie mobilities characterized by a single band of G6PD activity were observed: G6PD-1 (0.22) and G6PD-2 (0.30). Banding patterns for this enzyme in S. marcescens isolates have been described previously (10) . All chromogenie isolates, plus the nonchromogenie WT-18 and GP strains, showed the electromorph G6PD-2; the remaining nonchromogenic isolates showed the electromorph G6PD-1. The isolates of S. rubidajea (chromogenic) and S. proteainaculans (nonchromogenic) showed the electromorphs G6PD-2 and G6PD-1, respectively.
(vi) GD2. Four different electrophoretic mobilities were characterized by a single-band pattern of GD2: GD2-1 (0.51); GD2-2 (0.58); GD2-3 (0.63); and GD2-4 (0.68). The electromorph GD2-1 was specific for S. marcescens MN-052. Only the S. proteamaculans isolates showed the electromorph GD2-3. GD2 activity was undetectable in S. mnarcescens HCP-925.
(vii) MDH. Three different enzymatic forms were detected: MDH-1 (0.25), MDH-2 (0.27), and MDH-3 (0.31). Ail S. inarcescens isolates showed the electromorph MDH-1, and all S. ruhidaea isolates showed the electromorph MDH-3. The electromorph MDH-2 was shown exclusively in S. proteainacula ns MF. (viii) IPO. All S. mnarcescens and S. rubidaea isolates were characterized by a double-band pattern of IPO activity. The band with less electrophoretie mobility showed greater activity detectable on the gel (major band) than the faster band (minor band). In S. inarcescens, we defined the following three electromorphs: IPO-1 (0.29 to 0.51), IPO-2 (0.29 to 0.58), and IPO-3 (0.37 to 0.58). The S. rubidaea isolates showed two bands of IPO activity (electromorph IPO-4) with relative electrophoretic mobilities of 0.36 and 0.63. The S. proteamnaculans isolates were characterized by a single-band pattern of IPO activity (electromorph IPO-5) similar to the major band detected in S. marcescens and S. rubidaea isolates, with a relative electrophoretic mobility of 0.38.
(ix) THD. Three different electromorphs were characterized by a single band of activity: THD-1 (0.33), THD-2 (0.36), and THD-3 (0.44). All S. inarcescens isolates showed the electromorph THD-1. Though some isolates showed a (Tables 2 and 3 ). The mean number of alleles per locus was three (Table 3) . By comparing the electrophoretic enzyme profiles of isolates typed for all nine loci, 33 distinctive multilocus combinations or ETs were identified (Table 2) .
Genetic diversity was expressed separately for each enzyme locus. It was calculated from electromorph frequencies at individual loci among either isolates or ETs (Table 3) . ME was the enzyme locus with greater electrophoretic variability (seven electromorphs) and genetic diversity in ETs (h = 0.744). The ALD locus, with four electromorphs, showed a genetic diversity of 0.691, similar to that shown by the ME locus. However, the DG2 locus, also with four electromorphs, had a genetic diversity of 0.465. For 6PGD and G6PD loci, both with two alleles, genetic diversity values were significantly different, 0.116 and 0.456, respectively. Similar differences were observed between IPO and CAT loci with three alleles each ( At a smaller genetic distance, one can observe a greater number of clusters. However, the discussion will be focused on the four subsets described above. Genetic variation in relation to prodigiosin production and biotype in S. marcescens. The production of prodigiosin is one test used for biotyping isolates of S. marcescens. Of the 19 S. marcescens biotypes described by Grimont and Grimont (14) , 2 (A2a and A2b) consist exclusively of chromogenic isolates; 4 (Ala, Alb, A6a, and A6b) consist of chromogenic isolates, although they occasionally include nonchromogenic organisms; and the remaining biotypes (A3a, A3b, A3c, A3d, A4a, A4b, A5, A8a, A8b, A8c, TCT, TT, and TC) consist of nonchromogenic isolates only. A total of 22 isolates were characterized by the production of prodigiosin within the following biotypes: Ala (n = 3), Alb (n = 6), A2a (n = 11), A6a (n = 1), and A6b (n = 1). Two strains, WT-18 and GP, were also included in these biotypes, although they were unable to produce prodigiosin. The WT-18 nonchromogenic isolate belongs to biotype Ala, and GP is a nonchromogenic mutant obtained in our laboratory from S. marcescens ATCC 274, which belongs to the A2a biotype. The nonchromogenic isolates (with the exception of six nonbiotypable isolates that require unknown growth factors) can be assigned to 11 of the 13 biotypes which have been shown to include nonchromogenic organisms: A3a (n = 2), A3c (n = 4), A3d (n = 3), A4a (n = 10), A4b (n = 2), A5 (n = 8), A8a (n = 19), A8b (n = 1), TCT (n = 10), TT (n = 8), and TC (n = 2). The biotypes A2b, A3b, and A8c were not represented by any isolate.
Correlation between ETs and biotype (Table 1) Plasmid fingerprints in S. marcescens. The plasmid fingerprints observed among the studied isolates are detailed in Table 1 . All isolates with chromogenic biotypes (ETs 24 through 33) lacked plasmids, with the exception of isolate . This isolate belongs to the Ala chromogenic biotype but does not produce prodigiosin and is represented by . On the other hand, 19 (24%) of the nonchromogenic isolates were found to contain plasmids (including isolate WT-18). In addition, a correlation was found between some ETs and plasmid fingerprints. All ET-13 and ET-16 isolates contained plasmids. All ET-13 isolates (HCP-R1, HCP-476, HCP-926, and HCP-A824) belong to the TCT biotype, and all showed identical plasmid fingerprints. ET-16 represents four isolates, HCP-A27, HCP-A52, and HCP-A703 with the same plasmid fingerprints, and the HCP-A15165 isolate, which belongs to the A8b biotype and had a unique plasmid fingerprint. In contrast, MN-036, MN-038, and MN-061 isolates have different ETs; however, all belong to the TT biotype and showed identical plasmid fingerprints. The remaining seven isolates which contained plasmids, HSP-474, WT-46, WT-16, VG-11, VG-6, HSP-1551, and N-28b, showed unique plasmid fingerprints.
DISCUSSION
Since the recognition of S. inarcescens as a pathogen, the use of typing systems has helped to increase our understanding of the diseases caused by this organism. Serotyping, bacteriophage typing, biotyping, and typing by the production of, or susceptibility to, bacteriocins have provided excellent results for the characterization of isolates for bacterial systematics and epidemiology (12, 37, 38) . However, important questions about epidemiology and pathogenesis remain to be answered. These methods do not clearly define the distribution of S. marcescens among different hospitals, towns, or countries, because change in one reaction alters the pattern number. Moreover, they detect phenotypic variations and do not provide any information on the frequency of alleles and the multilocus genotype, which is required for the analysis of genetic diversity and the structure of populations. As mentioned above, knowledge of the genetic structure of natural bacterial populations is necessary to identify virulence determinants and to understand pathogenic processes (17, 25) .
Electrophoresis of chromosomally encoded bacterial proteins has the potential to provide information on the genetic structure of the populations similar to that obtained from the study of electrophoretic variation in enzymes. A comparative study of the electrophoretic patterns of whole bacterial proteins as well as periplasmic proteins in S. marcescens isolates revealed significant differences between nonchromogenic and chromogenic groups of this microorganism, especially when periplasmic protein patterns were analyzed (D. Gargallo and D. L6pez, submitted for publication). In practice, however, it is almost impossible to relate variation in the electrophoretic pattern of unidentified proteins to allelic variation at specific genetic loci. At present, multilocus enzyme electrophoresis is the only feasible method for assessing allelic variation in a large number of chromosomal gene loci in large samples of isolates (26) . Moreover, estimates of the genetic distance derived from isoenzyme electrophoresis are correlated with estimates of sequence divergence based on DNA hybridization (26) . Recent studies of several proteins of known sequence indicate that gel electrophoresis can detect a large proportion (80 to 90%) of amino acid substitutions (21, 28) .
In a study of genetic diversity in Escherichia coli by multilocus electrophoresis, Selander with Haemophilus influenza (22) , support this theory.
In this study, electrophoretic variation in seven of nine enzyme loci in S. marcescens was detected, and 33 distinct ETs were identified. The average number of electromorphs per locus was three and the estimated mean genetic diversity was 0.376. Cluster analysis has revealed two clearly differentiated groups or lineages of ETs in this species (Fig. 1) , corresponding to the nonchromogenic and chromogenic groups of multilocus genotypes. In addition, there is a perfect association of certain biotypes with each of these two subsets. Although each ofthese two groups contained a large degree of heterogeneity, there was no significant difference in the degree of diversity within each group (Table 4) . Their limited distribution with respect to the biotypes and the insignificant difference in diversity between them suggest that evolutionary separation between the two groups occurred a long time ago. This supports the results of Ding and Williams (8) , which demonstrated that nonchromogenic clinical isolates do not correspond to mutants blocked in prodigiosin biosynthesis on the basis of syntrophic pigmentation. Therefore, it remains clear that the nonchromogenic and chromogenic isolates represent two groups of organisms with different identities.
The results of this work show an absolute correlation between the ability to produce prodigiosin and the absence of plasmids (Table 1 ). If we assume that the phenotypic properties associated with virulence or resistance factors are subject to strong natural selection and are acquired from chromosomal genes or, in many cases, through plasmid transfer (including interspecies transfers), these characteristics should not be used for clone identification because they do not provide information on the relationship between the chromosomal genome and the clones in which they occur (1). However, there is no doubt that virulence and resistance factors are important participants in the evolutionary process, especially in environments such as those found in hospitals, where bacteria are subject to great selective pressures. According to Lannigan and Bryan (18) , nonchromogenic S. marcescens isolates are much better recipients for plasmids than chromogenic bacteria. As mentioned earlier, isolates recovered from clinical environments are usually unable to produce prodigiosin. Furthermore, previous studies have demonstrated a relationship between failure to produce pigment and the pathogenicity of such isolates (7, 8, 16) . These results suggest that plasmids with virulence or resistance factors could be involved in the evolutionary divergence of the prodigiosin-producing and -nonproducing isolates. Despite Cluster analysis of multilocus genotypes confirms the large genetic distance separating the two groups of ETs discovered in S. marcescens, one consisting of nonchromogenic clinical isolates and the other composed of isolates with the ability to produce prodigiosin and recovered mainly from natural environments. This conclusion is reinforced by the finding that the ETs of S. rubidaea join the nonchromogenic group of S. marcescens and that the ETs of S. proteamaculans join those of the chromogenic group (Fig.  1) . Furthermore, the results indicate that the genetic structure of nonchromogenic clinical and chromogenic populations of S. marcescens is clonal and suggest that the evolutionary separation between the two groups occurred a long time ago. Nevertheless, the results of this study did not permit a definitive correlation of ETs with the pathogenicity of isolates. Further studies of these clones should seek to confirm the different clinical significance of the nonchromogenic and chromogenic isolates and to clarify possible correlations between absence of prodigiosin, biotype, other typing traits, and pathogenicity. 
